Introduction {#S0001}
============

In recent years, the incidence of colorectal cancer (CRC) has increased year by year. CRC has become the second most common cause of cancer-related death.[@CIT0001] Many patients in China suffer from locally advanced rectal cancer (LARC) when they are diagnosed. Total mesorectal excision (TME) operation after neoadjuvant chemoradiotherapy (nCRT) has become the standard treatment regimen for LARC. Neoadjuvant chemoradiotherapy can effectively control local tumors, make tumors shrink, increase sphincter preservation rate, and reduce local recurrence of tumors. Compared with postoperative radiotherapy and chemotherapy, nCRT can improve the prognosis of patients.[@CIT0002]--[@CIT0006] However, the time interval between the end of radiotherapy and TME operation remains controversial.

In 1999, the Lyon R90-01 randomized trial divided patients with LARC into 2 weeks and 6--8 weeks after nCRT. The results showed that the 6--8 weeks group had better tumor regression, downstage, sphincter preservation rate, and pathological complete remission (pCR) rate than the 2-week group.[@CIT0007] Since then, the interval of 6--8 weeks has been considered as the most appropriate time for operation after nCRT. The distant control, overall survival (OS), and disease-free survival (DFS) of patients with rectal cancer after nCRT have been improved, and some of them can achieve pCR. Pathological complete remission is closely correlated with local control, DFS, and OS.[@CIT0008],[@CIT0009],[@CIT0018]-[@CIT0021] Studies have shown that prolonging the interval between the last radiotherapy and operation can achieve pathological complete remission rate, but does not increase complications.[@CIT0010],[@CIT0015],[@CIT0016] Tumor regression is linked with time. The interval of operation recommended in NCCN guidelines for rectal cancer after long-term radiotherapy is also changing, from the original 4--6 weeks to 5--12 weeks currently.[@CIT0011] In addition, the Chinese Criteria for Diagnosis and Treatment of Colorectal Cancer also recommends 5--12 weeks as a reasonable interval after neoadjuvant chemoradiotherapy for stage II and III rectal cancer, which is consistent with NCCN guidelines.[@CIT0012] It is obvious that prolonging the operation interval properly can lead to tumor regression further, even achieving complete remission. Prolonging the interval time can also help to improve the R0 resection rate, and reduce the positive rate of circumferential resection margin (CRM). Patients who have a strong desire for sphincter preservation with clinic complete remission have the opportunity to be selected in a "watch & wait" program (W&W). Nevertheless, studies have shown that prolonging the time interval after nCRT did not improve tumor remission and pathological complete response rate, reduce the incidence of postoperative complications and another adverse short-term clinical outcome instead.[@CIT0013],[@CIT0014]

So far, there is no definite conclusion about the time interval of operation after neoadjuvant chemoradiotherapy. With extension of time interval, the tissue fibrosis in the radiotherapy area can become severe, which can affect surgery. Planar fibrosis, severe edema, and local inflammation enhance difficulties in TME operation and complications of operation and reduce the R0 resection rate.[@CIT0017],[@CIT0026],[@CIT0027] In addition, the prolongation of the time interval may increase the risk of local progression and distant metastasis, which can lead to patients missing the optimal operation time.

A prospective study showed that prolonging the operation time to 11 weeks after nCRT did not increase pCR, but caused higher intraoperative and postoperative morbidity. The 11-week group had a worse quality of TME than the 7-week group.[@CIT0013] Therefore, we conducted a single-center retrospective study to explore the effect of extending the interval time to 11 weeks on short-term clinical outcome and tumor outcome.

Method {#S0002}
======

Patients with rectal cancer who experienced neoadjuvant chemoradiotherapy and radical surgical resection from 2010 to 2016 were selected from the First Affiliated Hospital of Chongqing Medical University. Preoperative, postoperative and follow-up data were collected.

Patient Selection {#S0002-S2001}
-----------------

Altogether 148 patients with locally advanced rectal cancer (cT~3~/T~4~ or N^+^) who had undergone neoadjuvant chemoradiotherapy were selected from 2000 rectal cancer patients in the First Affiliated Hospital of Chongqing Medical University. Among them, there were 10 patients with high rectal cancer, 6 patients without follow-up after operation, 1 patient with rectal squamous carcinoma, 3 patients with signet ring cell cancer, 2 patients without operation because they could not preserve anal sphincter, one with distant metastasis during neoadjuvant chemoradiotherapy and 2 patients without inadequate preoperative data. Finally, 25 patients were excluded, and 123 patients were included. All patients included were over 18 years old.

Evaluation Before Neoadjuvant Chemoradiotherapy {#S0002-S2002}
-----------------------------------------------

Routine tumor estimation and physical examination before nCRT were carried out. Rectal adenocarcinoma (including mucinous adenocarcinoma) was confirmed by colonoscopy and pathological examination before operation. A computed tomography (CT) scan of chest, abdomen, and pelvis excluded distant organ metastases, such as liver and lung metastases. High-resolution magnetic resonance imaging (MRI) of the pelvis was used to evaluate the local rectal tumors, which contained T and N stage of rectal tumors according to AJCC (American Joint Committee on Cancer Stage), long diameter, and the distance of anal verge, separation, circumferential resection margin (CRM), and extramural vascular invasion (EMVI).

Process on Neoadjuvant Chemoradiotherapy {#S0002-S2003}
----------------------------------------

The long-course radiotherapy with a dose of 45--50.4 Gy was divided into 25--28 times, 1.8--2.0 Gy each time, which was completed within five and a half weeks. Capecitabine at 825 mg/m^2^ was given orally twice a day during radiotherapy. Some patients received standard capecitabine and oxaliplatin neoadjuvant chemotherapy (nCT) in the period of interval time. Each cycle consisted of intravenous oxaliplatin with 130 mg/m^2^ on day 1, and oral administration capecitabine with 1000 mg/m^2^ twice on day 1 to day 14.

Preoperative Assessment {#S0002-S2004}
-----------------------

All patients went through a digital rectal examination before surgery. The enhanced CTs of chest, abdomen, and pelvis were used to exclude distant organ metastasis. High-resolution magnetic resonance imaging (MRI) was used to re-evaluate local rectal tumors, including T stage, N stage, Mandard Tumor Regression Grading (TRG), CRM, and EMVI.

Outcome Assessment {#S0002-S2005}
------------------

The baseline characteristics and surgical outcomes of patients who underwent nCRT and radical surgical operations were analyzed. Baseline characteristics included gender, age, carcinoembryonic antigen (CEA), carbohydrate antigen 19-9 (CA19-9), body mass index (BMI), tumor size, tumor location, pathological type of tumor, differentiation degree of tumor, ASA (American Society of Anesthesiologists) grading, T stage, N stage, CRM, EMVI, neoadjuvant chemotherapy, and preoperative TRG grading. Perioperative data were collected including operation time, estimated blood loss, operation method (laparotomy vs laparoscope vs robot) and operation mode. Postoperative clinical data included hospitalization time, anal exsufflation time, anal defecation time, eating liquid diet time, drainage tube extraction time, 30 days readmission, 30 days re-operation, 30 days mortality rate, anastomotic leakage, and other postoperative complications. Postoperative pathological data included T stage, N stage, number of positive lymph nodes, ypTRG grading (AJCC tumor regression grading).

Follow-Up {#S0002-S2006}
---------

Patients accepted follow-up every 3--6 months in the first 2 years after operation. In each follow-up, patients received a series of examinations, including digital rectal examination, blood count, blood chemistries, and digestive tract cancer spectrum (including CEA, CA19-9, and AFP). Enhanced computed tomography (CT) of chest, abdomen, and pelvis was performed every 6 months. Colonoscopy was performed every 1--2 years after operation. Three-year disease-free survival and overall survival were also collected. Disease-free survival is defined as the time between the date of operation and the date of recurrence or metastasis. Overall survival was defined as the time between the date of operation and the date of death or final follow-up.

Statistical Analysis {#S0002-S2007}
--------------------

Nonparametric data are represented by a median of interquartile range. Chi-square test or Fishers were used to test classification variables and rank-sum test continuous variables accurately and compare baseline and clinical characteristics. Univariate analysis was performed to evaluate that whether changing surgical treatment time (less than or greater than 11 weeks) affects short-term postoperative clinical outcome. The short-term clinical outcome included hospitalization time, anal exsufflation time, anal defecation time, eating liquid diet time, drainage tube extraction time, 30 days readmission, 30 days re-operation, 30 days mortality rate, anastomotic leakage, and other postoperative complications. Logistic analysis was used to analyze the factors affecting pathological complete remission. These factors included CEA level before nCRT, location of tumor before nCRT, T stage before nCRT, neoadjuvant chemotherapy, positive lymph nodes before nCRT, MRI EMVI (+) and interval time after radiotherapy. The data in the logistic regression analysis were expressed by dominance ratio, 95% confidence interval, and *P*-value. Kaplan--Meier estimation and Cox proportional regression analysis were used to analyze the three-year disease-free survival (DFS) and overall survival (OS) and draw the survivorship curve and disease-free survival curve. All statistics were completed by SPSS 21.0 software, and *P*\<0.05 was statistical significance.

Results {#S0003}
=======

Basic Information and Clinical Characteristics of Patients Before Neoadjuvant Chemoradiotherapy {#S0003-S2001}
-----------------------------------------------------------------------------------------------

One hundred and twenty-three patients with locally advanced rectal cancer underwent total mesorectal excision (TME) after neoadjuvant chemoradiotherapy. Among them, there were 81 (65.85%) male patients and 42 (34.15%) female patients. The median age was 56.5 years in SG, and 59 years in LG. There were 13 (10.57%) patients with grade I, 99 (80.49%) patients with grade II, 11 (8.94%) patients with grade III and no patients with grade IV in the ASA classification of anesthesia. Before nCRT, 57 (46.34%) patients had normal CEA level and 36 (29.27%) patients had normal CA19-9 level. The average length of tumors measured by preoperative MRI was 5.19 cm in SG and 5.23 cm in LG, respectively. According to the distance from the anal verge measured by colonoscopy, there were 63 (51.22%) patients with low rectal cancer (≤5 cm) and 60 (48.78%) patients with middle rectal cancer (6--10 cm). Preoperative colonoscopy showed that 47 (38.21%) patients had tumors encircling the bowel cavity completely. High-resolution magnetic resonance imaging (MRI) of the pelvis was used in all patients to evaluate the depth of local stage invasion, metastatic lymph nodes, CRM, and EMVI. There were 65 (52.85%) patients with T~3~ and 58 (47.15%) patients with T~4~; 16 (13.01%) patients with N0, 33 (26.83%) patients with N~1~, 74 (60.16%) patients with N~2~; 96 (78,05%) patients with CRM and 77 (62.6%) patients with EMVI. Preoperative magnetic resonance imaging was performed after nCRT. The degree of tumor regression was assessed according to Mandard mriTRG grading. There was no significant difference in the number of patients with mriTRG 1--4 between the two groups (*P*=0.799). The detail is shown in [Table 1](#T0001){ref-type="table"}. The operation interval is mainly 8--11 weeks. The specific division is shown in [Figure 1](#F0001){ref-type="fig"}.Table 1Basic Information and Clinical Characteristics of Patients Before Neoadjuvant ChemoradiotherapySG (n=66)LG (n=57)*P*-valueSex0.187cMan40(32.52%)41(33.33%)Woman26(21.14%)16(13.01%)Median age56.5 (50--64)59 (50--65.5)0.479mBMI (kg/m2)22.28 (20.37--24.5)22.27 (20.5--24.23)0.817mASA grading0.480cI7(5.69%)6(4.88%)II55(44.72%)44(35.77%)III4(3.25%)7(5.69%)CEA≥5 ng/L31(25.2%)26(21.14%)0.880cCA19-9≥27 ng/L27(21.75%)9(7.32%)0.002cAverage length of tumors (cm)5 (4--6)5 (4--5.65)0.984mTumor location0.31cLow31(25.2%)32(26.02%)Middle35(28.46%)25(20.32%)T stage0.75cT~3~34(27.64%)31(25.2%)T~4~32(26.02%)26(21.14%)N stage0.095cN~0~8(6.5%)8(6.5%)N~1~23(18.7%)10(8.13%)N~2~35(28.46%)39(31.71%)Clinic stage0.978cII8(6.5%)7(5.69%)III58(47.15%)50(40.65%)CRM(+)55(44.72%)45(36.59%)0.534cEMVI(+)41(33.33%)32(26.02%)0.501cnCT58(47.15%)50(40.6 5%)0.978cMRiTRG0.799c14(3.25%)4(3.25%)227(21.95%)20(16.26%)330(24.39%)26(21.14%)45(4.07%)7(5.69%)[^1] Figure 1Distribution of patients in different surgery interval times after neoadjuvant chemoradiotherapy.

Preoperative Features and Short-Term Outcome {#S0003-S2002}
--------------------------------------------

No distant metastases occurred in any patients during neoadjuvant chemoradiotherapy. Among them, 78 (63.93%) patients underwent low anterior resection (LAR), 45 (36.07%) patients underwent abdominoperineal resection (APR) of the rectum, and the sphincter preservation rates of middle and low rectal cancer were 66.7% and 59.7%, respectively. The prophylactic ileostomy or transverse colostomy rate in LAR was 79.5%. Most (113 (91.9%)) of the operations were laparoscopic assisted, 4 cases were robotic assisted, 5 cases were traditional operation, and 1 case was conversion to open operation due to the difficulty of laparoscopic operation. The median operative time was 240 min in SG and 285 min in LG, and the median intraoperative blood loss was 100 mL in both groups. The median time of anal exsufflation, defecation, and liquid diet was 2 days, 3 days, and 3 days, respectively. The median abdominal drainage volume was 35 mL in SG and 30 mL in LG on the third day after operation, and the median time of drainage tube extraction was 7 days after operation in both groups. Altogether 33 (26.83%) patients had complications during hospitalization, including anastomotic leakage (6 cases), abdominal infection (15 cases), postoperative intestinal obstruction (8 cases), perineal incision infection (11 cases), rectovaginal leakage (3 cases), urinary retention (5 cases), and urinary tract infection (1 case). Some patients suffered from several complications at the same time, such as anastomotic leakage accompanied by abdominal infection, pulmonary infection, and intestinal obstruction. After discharge, 7 patients suffered from unplanned readmission within 30 days. One patient underwent emergency transverse colostomy because of anastomotic leakage. No patient died within 30 days. [Table 2](#T0002){ref-type="table"} shows the details.Table 2Clinical Features of Surgery and Post-Operation Short-Term OutcomeSG (n=66)LG (n=57)*P*-valueOperation method0.42c LAR44(35.77%)34(27.64%) APR22(17.89%)23(18.7%)Surgery type0.806c Traditional3(2.44%)2(1.63%) Laparoscopy60(48.78%)53(43.09%) Robotic assisted2(1.63%)2(1.63%) Conversion to traditional1(0,81%)0LAR preventive stoma34(27.64%)28(22.76%)0.582cMedian operative time (mL)240 (209.3--301.5)285 (212.5--355)0.119mMedian intraoperative blood loss (mL)100 (30--122.5)100 (50--200)0.553mMedian postoperative exhaust (day)2(2--3)2(2--3)0.557mMedian postoperative defecation (day)3(2--4)3(2--3)0.842mMedian postoperative liquid diet (day)3 (2--5)3(2--4)Median postoperation abdominal drainage volume on the third day after (mL)35(10--100)30(10--100)0.901mThe median time of drainage tube extraction7 (6--9)7(5--9)0.424mMedian time in hospital after operation (day)9(7--12.25)9(7--14)0.882mPostoperation complications18(14.63%)15(12.2%)0.905c Anastomotic leakage1(0,81%)5(4.07%)0.08f Abdominal infection7(5.69%)8(6.5%)0.562c Intestinal obstruction4(3.25%)4(3.25%)0.83c Urinary retention4(3.25%)1(0,81%)0.228c Cardiopulmonary complications4(3.25%)1(0,81%)0.228c Rectovaginal leakage1(0,81%)2(1.63%)0.475c Incision infection6(4.88%)5(4.07%)0.951c Urinary tract infection1(0,81%)1(0.81%)0.917c30-day readmission4(3.25%)3(2.44%)0.849c30-day mortality0030-day reoperation1(0,81%)00.351c[^2]

Pathological Results {#S0003-S2003}
--------------------

The pathological types of rectal cancer in all patients were adenocarcinoma, including 1 patient with highly differentiated adenocarcinoma, 75 (60.98%) patients with moderately differentiated adenocarcinoma, 22 (17.89%) patients with poorly differentiated adenocarcinoma and 25 (20.33%) patients with mucinous adenocarcinoma. Postoperative pathological examination showed that there were 22 (17.89%) patients with T~0~, including 21 patients with negative lymph nodes and 1 patient with positive lymph nodes. Consequently, 21 patients had pathological complete remission, and the pathological complete remission rate was 17.07%. There were 77 patients without lymph node metastasis after nCRT, accounting for 62.6% in total. The median number of lymph nodes detected was 10 in SG and 8 in LG, separately. The numbers of postoperative pathological stages I, II, and III were 26, 32, and 44, respectively; the downstage in T stage was 71 patients, the downstage in N stage was 83 patients, and the downstage in TN stage was 73 patients. According to the TRG grading of AJCC, the degree of tumor regression was assessed. There were 21 patients with grade 0, 12 patients with grade 1, 43 patients with grade 2, 47 patients with grade 3. The details are shown in [Table 3](#T0003){ref-type="table"}. Logistic regression analysis showed that pathological complete remission was not correlated with CEA level before nCRT, location of tumors before nCRT, T stage before nCRT, neoadjuvant chemoradiotherapy, positive lymph nodes before nCRT, MRI EMVI (+) and operation interval after radiotherapy ([Table 4](#T0004){ref-type="table"}).Table 3Post-Operation Pathological CharacteristicsSG (n=66)LG (n=57)*P* valueDegree of differentiation0.443c High differentiation1(0,81%)0 Moderate differentiation40 (32.52%)35(28.46%) Poor differentiation14(11.38%)8(6.5%) Mucinous adenocarcinoma11(8.94%)14(11.38%)ypT stage0.431c T~0~12(9.76%)10(8.13%) T~1~2(1.62%)0 T~2~20(16.26%)12(9.76%) T~3~17(13.82%)17(13.82%) T~4~15(12.2%)18(14.63%)ypN stage0.097c N~0~46(37.4%)31(25.2%) N~1~11(8.94%)19(15.45%) N~2~9(7.32%)7(5.69%)ypTN tage0.116c 011(8.94%)10(8.13%) I19(15.45%)7(5.69%) II17(13.82%)15(12.2%) III19(15.45%)25(20.33%)T downstaging (ypT\<cT)41(33.33%)30(24.39%)0.228cN downstaging (ypN\<cN)45(36.59%)38(30.89%)0.858cTN downstaging (ypTN\<cTN)44(35.77%)29(23.58%)0.075cTRG0.811c TRG011(8.94%)10(8.13%) TRG18(6.5%)4(3.25%) TRG223(18.7%)20(16.26%) TRG324(19.51%)23(18.7%)pCR (ypT~0~N~0~)11(8.94%)10(8.13%)0.897cNumber of harvested lymph nodes10(5--15)8(3--12)0.038mNumber of positive lymph nodes0(0--1)0(0--1.5)0.302c[^3] Table 4Influence Factors of Pathological Complete Remission by Multivariate AnalysisHR95% CI*P*﻿valueLOWUPOperation interval after radiotherapy0.9840.3752.5850.975CEA level before nCRT1.0420.3812.8510.936Location of tumor before nCRT0.6940.2581.8630.468T stage before nCRT0.8820.3342.330.801Positive lymph nodes before nCRT1.150.2834.6690.845MRI EMVI (+) before nCRT2.3430.8286.6280.109Neoadjuvant chemotherapy1.8210.4916.7570.37[^4]

Oncological Outcome {#S0003-S2004}
-------------------

Among 123 patients with neoadjuvant chemoradiotherapy, 1 patient in the SG group died within 8 weeks after operation due to other reasons, and 122 patients were included in the tumor outcome analysis at length. There were 94 (77.05%) patients with adjuvant chemotherapy after the operation, among which there were 50 patients in SG and 44 patients in LG (*P*=0.972). The median follow-up time was 38 months (15--84) in all patients, 39 months (16--84) in the SG group and 38 months (15--50) in LG (*P*=0.38). Recurrence or metastasis occurred in 36 (29.5%) patients, 18 patients in SG, and 18 patients in LG, respectively (P = 0.639). The 3-year disease-free survival was 72.3% in SG and 68.4% in LG (*P*=0.795) ([Figure 2A](#F0002){ref-type="fig"}). The 3-year overall survival of the two groups was very similar, at 83.1% and 80.7%, respectively (*P*=0.824), with no statistical significance ([Figure 2B](#F0002){ref-type="fig"}). COX analysis showed that recurrence or metastasis after neoadjuvant chemoradiotherapy was correlated with positive lymph nodes (*P*\<0.05), HR=4.812 (95% CI 2.4--9.648), overall survival time was correlated with positive lymph nodes (*P*=0.003), HR=4.348 (95% CI 1.67--11.349) ([Table 5](#T0005){ref-type="table"}).Table 5Influence Factors of Overall Survival and Disease-Free Survival After Neoadjuvant ChemoradiotherapyOSDFS*P* valueHR95% CI*P*-valueHR95% CILOWUPLOWUPAge0.2960.9770.9361.020.20.9790.9481.011Gender0.7431.1790.443.1590.4671.3190.6262.78T stage before nCRT0.3240.6280.2491.5820.7820.9060.4521.816Clinical stage before nCRT0.5560.6790.1872.4650.890.9260.3122.753Postoperation pathology T stage0.7160.8930.4841.6480.3440.7980.51.273Postoperation pathology stage0.5040.5540.0983.1250.981.0160.3013.424Postoperation lymph nodes (+)0.0034.3481.6711.31904.8122.49.648ypTRG0.0781.6480.9452.8730.1781.4560.8432.515Interval time after radiotherapy0.6510.8090.3222.0290.5920.8240.4061.671[^5] Figure 2(**A**) Comparison of disease-free survival between the groups by Kaplan--Meier curves. (**B**) Comparison of overall survival between the groups by Kaplan--Meier curves.

Discussion {#S0004}
==========

Currently, the time interval between the last radiotherapy and standard TME operation for rectal cancer after neoadjuvant chemoradiotherapy remains controversial. Most studies believed that the prolongation of operation interval could reduce the local recurrence rate, but precise interval time is still uncertain.[@CIT0008],[@CIT0009],[@CIT0018]-[@CIT0021] This study prolonged the interval to 11 weeks and analyzed the surgical conditions, postoperative complications, pathological examination results, and oncological outcome.

The Lyon R90-01 randomized-controlled trial divided patients into 2-week and 6--8-week intervals for operation. The results showed that compared with the 2-week group, the 6--8-week group had better tumor regression, downstage, sphincter preservation rate, and pathological complete remission rate. Since then, 6--8 weeks had been considered as the best appropriate time for operation after nCRT.[@CIT0007] Prolonging interval time could increase tumor regression, enabling patients to acquire enough neoadjuvant chemotherapy time, which might increase the possibility of pathological complete remission.[@CIT0008],[@CIT0009],[@CIT0018]-[@CIT0021] Nevertheless, with the prolongation of the interval time, the tissue fibrosis in the radiotherapy area became more serious. Planar fibrosis, severe edema, and local inflammation increased the difficulty of TME operation and the related risks during operation.[@CIT0017] Garcia-Aguilar et al[@CIT0023] found that pelvis fibrosis was more severe with an 11-week interval time than with a 6-week interval time after nCRT. The randomized-controlled study of GRECCAR-6[@CIT0013] showed that compared with a 7-week interval time, an 11-week interval time after nCRT would increase postoperative complications and the risk of local recurrence, and affect the quality of total mesorectal excision. However, the prolongation of interval time did not mean an increase in surgical difficulties and complications. Our study found that the estimated blood loss during the operation was basically identical when the interval time was prolonged to 11 weeks. Although the pelvis fibrosis gradually increased after 11 weeks, the edema gradually subsided in the radiotherapy area, and the anatomical plane of the surgical area was clear. Therefore, prolonging to 11 weeks did not increase the operation time, intraoperative bleeding, and complications. After nCRT, the rate of sphincter preservation in middle and low rectal cancer would increase.[@CIT0007] Huntington et al[@CIT0024] found that the rate of sphincter preservation was not correlated with interval time, but sphincter preservation rate would decrease if the interval time was extended to 60 days. The sphincter preservation rate of middle and low rectal cancer in our study was 66.7% (SG) and 59.6% (LG), respectively. It might be inferred that the tumors would not shrink after reaching a certain time point, which is the best time for surgery. Moore et al[@CIT0010] observed that anastomotic leakage and pelvis abscesses happened more frequently when the operation was carried out after an interval time of 44 days. The present study revealed that the incidence of anastomotic leakage in LG was higher than SG. It illustrated that complications after nCRT for rectal cancer had nothing to do with prolongation of interval time[@CIT0025]. Prolonging interval time could relieve intestinal edema, which was beneficial to getting a clean anatomic planner and better anastomosis. Nevertheless, most patients with sphincter preservation accepted preventive stoma in order to avoid serious postoperative complications, which caused the number of anastomotic leakages observed in the study to be lower than the actual number.

Previous studies have found that DNA destruction of tumor cells mediates apoptosis leading to tumor regression, which is closely related to the interval time. Prolonging the interval time properly could provide better tumor regression and higher pathological complete remission rate.[@CIT0022],[@CIT0028]-[@CIT0031] It has been reported that about 30% of rectal tumors did not shrink and 6% of rectal tumors gained progression after appropriate nCRT.[@CIT0031] The degree of tumor regression is closely correlated with the prognosis of oncology.[@CIT0032],[@CIT0034],[@CIT0035] Pathological complete remission indicates a good prognosis.[@CIT0008],[@CIT0009],[@CIT0018]-[@CIT0021] Sloothaaket et al[@CIT0033] found that the highest PCR rate (18.0%) could be obtained by prolonging the operation interval to 10--11 weeks after nCRT. It has been proven that as the interval time increased within 12 weeks, the rate of tumor regression and pCR rate increased gradually, which would decrease over 12 weeks interval time.[@CIT0014] De Andrade et al[@CIT0041] performed a study which exhibited that interval time was the sole influencing factor of pathological complete remission, and prolonging interval time over 8 weeks would clearly increase the pathological complete remission rate. However, some other studies have shown that prolonging the interval time after nCRT did not increase pCR; instead, this would increase postoperative complications and the occurrence of distant metastasis during the waiting period.[@CIT0013],[@CIT0014] Our study showed that the pathological complete remission rate was 16.7% (11/66) in SG and 17.5% (10/57) in LG. Multivariate analysis showed that pCR of tumors had nothing to do with interval time; meanwhile, prolonging interval time did not increase the pCR.

A meta-analysis showed that there was no significant difference in 5-year overall survival and disease-free survival between the group with an interval time within 6--8 weeks and over 6--8 weeks.[@CIT0036] Similar conclusions were drawn in our study that 3-year overall survival and disease-free survival in SG were superior to LG. Appropriate prolongation of interval time could make tumors regress further and provide opportunities for R~0~ resection, which could reduce local recurrence and distant metastasis as far as possible. However, another study found that the 5-year OS and DFS of patients with interval time over 8-weeks were lower, compared with an interval time of less than 8 weeks.[@CIT0037] Prolonging interval time increases pelvis fibrosis, which made it difficult to distinguish the operation plane, increased the difficulty of operation, reduced the quality of TME, decreased chances to complete R~0~ resection, and increased the risk of local recurrence and distant metastasis; as a result, overall survival and disease-free survival for patients would decline. Erkan et al[@CIT0038] carried out a study which showed that the 5-year overall survival of patients after nCRT with lymph node-negative was better than with lymph node-positive (80 vs 86%, *P*=0.014 HR=1.74, 95% CI 1.33--2.28). It indicated that positive lymph node was a risk factor for oncologic outcome. Studies have reported that lymph node metastasis occurred in 6--17% of patients with primary tumor complete remission (ypT~0~) after neoadjuvant chemoradiotherapy.[@CIT0039],[@CIT0040] Twenty-two patients had complete regression (ypT~0~) after nCRT in our study, including one patient with positive lymph node in the long-interval group and the rate of positive lymph node was 4.5%. There were two possible reasons for the phenomenon above. In the first place, the radiotherapy dose in the lymphatic drainage area was lower than for the primary tumor. Secondly, the tumor metastasized to lymph nodes because of an interval time that was too long. Survival analysis showed that a positive lymph node was an important influencing factor for 3-year overall survival. The 3-year disease-free survival was also closely correlated with positive lymph nodes. A tumor with positive lymph node was defined as TNM stage III, which had a lower survival rate and higher risks of local recurrence and distant metastasis than tumors with negative lymph node. Therefore, rectal cancer after nCRT with pathological complete regression (ypT~0~N~0~) had a better oncologic outcome.

There are many limitations to this study. Firstly, the study is a single-center retrospective study, which may have selection bias. Although a large amount of basic information is collected, there is information bias still. Secondly, recurrence and metastasis of rectal cancer occurred mostly in the first three years after operation. The follow-up time of most patients was 3 years, which was insufficient to evaluate the prognosis of rectal cancer, including survival rate. Thirdly, postoperative complications were not classified according to Clavien--Dindo complications, which caused imprecise analysis. Finally, the regimen and times of preoperative and postoperative chemotherapy may affect the pathological results and oncological outcome. We did not compare the regimen and times of chemotherapy between the two groups in the study.

Conclusion {#S0005}
==========

In conclusion, prolonging the interval time to 11 weeks after neoadjuvant chemoradiotherapy for middle and low rectal cancer does not increase the pathologic complete remission, morbidity, and mortality. There is no significant effect on oncologic outcome after prolonging the interval time to 11 weeks. Therefore, it is safe to prolong interval time to 11 weeks. It is necessary to carry out a larger prospective randomized study so that the precise interval time after nCRT can be confirmed, which will conduct better oncological outcome.
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[^1]: **Abbreviations:** m, Mann--Whitney; c, chi-square; BMI, body mass index; ASA, American Society of Anesthesiologists; CEA, carcinoembryonic antigen; CA19-9, carbohydrate antigen 19-9; CRM, circumferential resection margin; EMVI, extramural vascular invasion; nCT, neoadjuvant chemotherapy; MRiTRG, magnetic resonance imaging tumor regression grading; SG, short-interval group; LG, long-interval group; T, tumor; N, nodal.

[^2]: **Abbreviations:** m, Mann---Whitney; c, chi-square; f, Fisher's exact; LAR, low anterior resection; APR, abdominoperineal resection; SG, short-interval group; LG, long-interval group.

[^3]: **Abbreviations:** m, Mann---Whitney; c, chi-square; TRG, tumor regression grading; pCR, pathological complete remission; SG, short-interval group; LG, long-interval group; T, tumor; N, nodal; TN, tumor and nodal stage; ypT, pathological tumor stage after neoadjuvant therapy; ypN, pathological nodal stage after neoadjuvant therapy; ypTN, pathological tumor and nodal stage after neoadjuvant therapy; cT, clinic tumor stage; cN, clinic nodal stage; cTN, clinic tumor and nodal stage; ypT~0~N~0~, pathological tumor 0 stage and nodal 0 stage after neoadjuvant therapy.

[^4]: **Abbreviations:** T, tumor; CEA, carcinoembryonic antigen; EMVI, extramural vascular invasion; nCRT, neoadjuvant chemoradiotherapy; MRI, magnetic resonance imaging; HR, hazard ratio; CI, confidence interval; LOW, low limitation; UP, up limitation.

[^5]: **Abbreviations:** OS, overall survival; DFS, disease-free survival; nCRT, neoadjuvant chemoradiotherapy; ypTRG, pathological tumor regression grading after neoadjuvant therapy; T, tumor; HR, hazard ratio; CI, confidence interval; LOW, low limitation; UP, up limitation.
